Immunoglobulin M (IgM) and G (IgG) capture enzyme-linked immunosorbent assays (ELISAs) were used as possible adjuncts to hemagglutination inhibition (HI) and virus neutralization (VN) tests to differentiate between reaction to recent exposure to eastern equine encephalomyelitis (EEE) virus and those due to prior vaccination. Serum samples were evaluated by the IgM-capture ELISA, and the results were compared with those of HI and VN tests. Of 381 serum samples, 51% (195 samples) were positive by HI test ( 1:40) and 54% (205 samples) were positive by VN test ( 1:10), but only 35% (132 samples) were positive by IgM-100. When EEE virus isolation and serology were compared, the EEE cases were divided into three categories: 1) peracute cases-the serum was negative for EEE IgM and IgG by the ELISA, negative for VN antibody, but HI antibody positive; 2) acute cases-IgM and HI antibody positive but negative for IgG and VN antibody;
100. IgM antibodies of EEE virus were monospecific and did not cross-react with western or Venezuelan equine encephalomyelitis viral antigens by the ELISA. Isolation of EEE virus from tissue or detection of IgM antibodies to EEE virus in a single serum sample is evidence of recent EEE infection and differentiated serum from previously vaccinated horses. However, the presence of IgM in the absence of virus isolation could also be due to a recent viral vaccination.
Eastern equine encephalomyelitis (EEE) virus is an agnosis of EEE viral infections in humans and chickarthropod-borne virus and belongs to the genus AI-ens. 1, 3, 9 However, the appearance of IgM antibody in phavirus of the family Togaviridae. The virus infects horses infected with EEE virus has not been defined. horses, humans, and birds and is transmitted by mos-
The present work was undertaken to adapt an IgM quitoes of the genera Aedes, Coquillettidia, and Culi-and IgG capture enzyme-linked immunosorbent assay seta. 1, [5] [6] [7] [8] 10, [12] [13] [14] The virus is maintained in an enzootic (ELISA) to differentiate EEE antibody responses from cycle by mosquitoes and birds. 7, 9, 10, 13, 14 In horses, the those resulting from prior vaccination. disease is acute with up to 90% mortality. The diagnosis of EEE in horses is based on clinical signs, his-Materials and methods tologic lesions, and virus isolation or serologic tests. However, in the majority of laboratory submissions, Serum and brain specimens. Serum or brain specimens no clinical history is supplied; a single serum sample from horses were submitted to the Diagnostic Virology Labis submitted for diagnostic tests, creating difficulties in oratory (DVL) of the National Veterinary Services Laboradetermining the significance of an antibody titer. WEE) viruses were used in the study. The antigen used for the HI test and the ELISA was extracted by the acetonesucrose method from brains of 3-5-day-old mice infected with encephalitis viruses. 8 Sera for the HI test were treated with kaolin, and goose red blood cells were used as indicator cells. A serum titer of 1:40 was considered positive in the HI test. 8 Vero cell propagated viruses were used for the plaque reduction neutralization test (PRNT). Serum dilutions of 1:10 and 1:100 were used, and a 90% reduction of plaques was considered positive for antibody to encephalomyelitis viruses.
Antibody-capture ELISA. The procedure used was a modification of a previously described procedure for alphaviruses. 1, 2 Immulon I a flat-bottom plates were coated with either affinity-purified antibody to those IgM or antibody to horse IgG (H + L) b produced in goats. Antibodies were diluted 1:400 in freshly prepared 0.5 M carbonate buffer, pH 9.6; 50 µl were added to each well of the plate. The plate was then incubated at 37 C for 1 hr then at 4 C overnight in a humid chamber. Before the test, the wells were incubated with 0.01 M phosphate-buffered saline (PBS) containing 0.05% Tween 20 and 3% bovine serum albumin for either 2 hr at 37 C or overnight at 4 C. Test sera, 3-5 negative sera, and a convalescent serum were diluted 1:100 and 1:1,000 in 0.01 M PBS, pH 7.2, containing 0.05% Tween 20. Fifty-microliter samples were added to respective wells, and the plates incubated at 37 C in a humid chamber were washed with PBS Tween and viral antigen (1:20) and hydrogen peroxidase conjugated monoclonal antibody to encephalitis virus (2A2C-3) c during the test as described. 1, 2 The optical densities (OD) were measured at 405 nm using a microplate reader. a A test serum was considered positive for EEE viral antibody when the OD of test serum was 2 times the mean OD value times OD value over negative sera with viral antigen were titrated from 1:100 to 1:100,000. Sera with IgM antibody to EEE virus were titrated for IgG antibody using antibody to horse IgG b for EEE virus. Thirty sera with IgM antibody to EEE virus were selected randomly and tested for IgM antibody to WEE and VEE virus.
Virus isolation. Ten percent brain homogenates were made in 0.01 M PBS, pH 7.2, containing 0.75% bovine serum albumin, penicillin, and streptomycin. The samples were centrifuged at 1,800 x g for 30 min, and the supernatants were incubated at 37 C for 1 hr. Eight 3-5-day-old sucking mice were inoculated intracerebrally with a 20-µl sample of each of the supernatants. The inoculated mice were observed for 10 days. Virus isolates were identified by the complement fixation (CF) test using antisera to EEE, VEE, and WEE viruses.
Statistical analysis. Statistical analysis was done for comparing the multivalent vaccine response with EEE virus infection for serum neutralizing antibody by using the chisquare test for all 3 groups. 11 The 3 groups were sera with IgM antibody only, sera with both IgM and IgG antibodies, and IgM-negative sera with virus neutralizing antibody.
Results
Antibody IgM to EEE was detected in sera from Alabama, Indiana, Kentucky, Louisiana, Michigan, Minnesota, Mississippi, New Jersey, North Carolina, Ohio, South Carolina, Virginia, and Wisconsin. Eastern equine encephalomyelitis virus was isolated from all of the above states except Indiana and Minnesota. Table 1 shows the presence in horse sera of antibodies to EEE, VEE, and WEE viruses. Of the 381 horse sera tested by HI, VN, and ELISA, 51% had HI antibody, 54% had VN antibody, and 35% had specific IgM antibody to EEE virus. One hundred twenty of 132 sera with IgM antibody were also tested for the presence of EEE IgG antibody, and 58% of these sera A comparison of serum samples with antibodies type IgM, IgG, or both to EEE virus with that of HI and VN antibodies to all 3 encephalomyelitis viruses is presented in Table 2 . Out of 50 sera with only IgM type antibody, 28 had HI antibody and 30 had VN antibody. Of 28 sera with HI antibody, 14 had antibody to 2 or more viruses, but only 7 had neutralizing antibody. Twenty-three sera had neutralizing antibody to EEE virus only. No HI and VN antibodies were detected in 20 sera at the starting dilutions. Thirty of 70 sera with both IgM and IgG type antibodies had HI antibody to 2 or more viruses, but only 13 had neutralizing antibodies. Fifty-eight sera had neutralizing antibodv to EEE virus. In 96 IgM-negative sera, 74 and 75 had HI and VN antibody to 2 or more viruses, respectively. Only 21 of 96 sera had neutralizing antibody to 1 encephalomyelitis virus.
The statistical analysis for comparing the VN antibody response to multiple vaccines with that of EEE virus only revealed that for all 3 groups these 2 proportions differed significantly (P < 0.001).
Forty percent of all serum samples that were positive on HI test with WEE and VEE viruses but were negative on VN test. The titer of specific IgM to EEE varied from 1:100 to > 1:100,000. An increase in IgG ELISA titer for EEE virus was accompanied by an increase in HI and VN antibody titers, but HI and VN crossreactions with WEE and VEE remained low. The IgG ELISA titer for EEE virus in the sera varied from 1:100 to > 1:100,000, and the VN titer varied from 1:10 to Twenty-five equine specimens included both brain and serum samples. EEE virus was isolated from 15 brain specimens (Table 4) . Serum samples 17-20 had IgM and IgG ELISA titers of < 1:100 and VN titers of < 1:10, but HI titers were from 1:40 to 1:640 for EEE and WEE viruses and < 1:10 to 1:640 for VEE virus. Seven of the 15 samples (numbers 21-27) had positive IgM antibody titers to EEE virus, whereas IgG anti-body titers were < 1:100. Five of the 7 sera had HI antibody to EEE, and 4 were HI positive to all 3 viruses. The VN antibody to EEE virus was detected in only 4 sera. The other 4 submissions (numbers 28-31) that were ELISA positive for IgM and IgG antibodies to EEE virus also had VN antibody titers to EEE virus and variable HI titers to all 3 viruses.
Thirty serum samples were used to test the specificity of IgM antibody to EEE virus by ELISA, and no crossreaction was observed between IgM antibody to EEE virus and those to WEE and VEE viruses (Table 5) .
Discussion
In the present study, EEE virus-specific IgM antibody titers were compared to HI and VN antibody titers in 381 horse sera to define the stage of the disease (Table 1) . Thirty-five percent of the sera had IgM antibodies to EEE virus, suggesting that these horses had recent exposure to the virus either by vaccination or infection. The importance of detection of IgM antibody in relation to HI, VN, and IgG antibodies after onset of EEE and WEE infections in horses, humans, and chickens has been reported. 1, 3, 4, 9 In chickens infected with EEE virus, IgM, VN, and HI antibodies to EEE virus were detected 4 days postinfection (dpi), IgG antibody was detected 7 dpi, and all 4 antibodies persisted for 90 dpi. 3 IgM antibodies in most chickens were detected for at least 250 days. 3 In another study, all 4 types of antibodies to EEE virus were observed until 2-4 dpi, and in the majority of the cases, IgM antibody was not detected after 30 dpi. 9 In horses, the HI antibody was detected by the first or second day, IgM antibody by the third day after infection with WEE, 3 , 4 and VN antibody by the seventh day after onset of EEE and WEE infections. 4,5 The IgM class antibody was detectable for at least 32 days after a WEE infection.
In the present study, 20 of 120 IgM-positive sera (16%) had VN antibody to 2 or more encephalomyelitis viruses, indicating that these horses were recently vaccinated. However, 80 of 120 (60%) had VN antibody to EEE virus only, which indicated recent EEE infection. When IgM negative sera were compared, 75 sera (75.8%) had VN antibody to 2 or more viruses and 21 sera (22%) had antibody to EEE, WEE, or VEE virus, indicating that these horses were previously vaccinated or had been infected with encephalomyelitis viruses. In this study, no attempt was made to titrate sera for VN antibodies to encephalomyelitis viruses.
There was a difference in numbers of sera with HI and VN antibodies to encephalomyelitis viruses (Table  2 ) because a serum showing HI antibodies to all 3 encephalomyelitis viruses was included in the EEE, VEE, and WEE HI category, but it had VN antibody to only 1 virus and therefore was placed in a different VN category.
Cross-reactivity of HI antibody in sera of birds and humans infected with EEE or WEE viruses was studied earlier. 1, 3 One out of 24 birds infected with EEE virus had cross-reacting HI antibody to WEE virus, indicating that EEE antibody was not cross-reactive with the related WEE virus. Similar results were also obtained for humans infected with EEE virus (l/20 had cross-reacting HI antibody to WEE virus).
In the present study, all serum samples came from the field without any history, and therefore it could not be determined whether antibodies to 2 or more viruses were due to vaccination or to cross-reaction. However, examination of HI antibody of sera from cases where EEE virus was isolated indicated that HI antibody to EEE virus cross-reacted with WEE and VEE viruses (Table 4 ). This does not appear to be the case for VN antibody, except for 1 serum showing low cross-reacting antibody.
On the basis of the various serologic tests and virus isolation (Table 4) , the EEE disease was grouped into 3 stages. EEE in horses 17-20 was considered peracute because the IgM titer was below the starting dilution of 1:100 and HI antibody was detected in all horses. In previous studies, such horses died l-2 days after onset of the infection . 2,4,5 Horses 21-27 are examples of acute infection of EEE virus because the animals developed IgM antibody as well as HI and VN antibodies. Horses 28-31 had protracted clinical disease and viremia and had IgM, IgG, HI, and VN antibodies. They are considered transitional cases, and most horses in this stage could have survived.
The IgM antibodies to EEE virus did not cross-react with WEE and VEE antigens, a result in agreement with the previous findings of IgMs of human and chickens infected with EEE virus and horses infected with WEE virus. 1, 3, 4 In the present study, sera with IgM antibodies to EEE showing VN antibodies to 2 or more viruses were not tested for IgM antibodies to WEE or VEE viruses; therefore, infection and recent vaccination samples could not be differentiated.
An increase in IgG level is usually associated with a rise in VN titer, as was observed in the present study (Tables 3, 4 ). However, a few sera with positive VN antibody titers had IgG titers less than the starting dilution of 1:100. This had also been observed in earlier studies. 1, 3, 4 The diagnosis of EEE based on HI and VN tests on a single serum sample without vaccination and clinical history is difficult. The tests only determine the presence or absence of antibody to EEE virus because IgG class antibody persists long after infection or vaccination and superinfection only increases the titer of IgG. However, finding IgM antibodies to EEE virus in a single serum sample differentiated it from prior vaccination because IgM to WEE was not detected 32 dpi. 4 This finding may be considered as evidence of recent EEE infection or of recent vaccination.
